Abstract. To keep a high level of power quality, Distribution System Operators (DSOs) must keep harmonic voltage levels under limits specified in standards. These harmonic voltages are due to non-linear equipment connected inside installations, which inject harmonic currents into public networks. In order to apply emission limits per installation, DSOs need to have an accurate and reliable indicator to assess the harmonic emissions of an installation. In this paper, a comparative analysis of two definitions for assessing the harmonic emissions of installations is presented. Their respective advantages and drawbacks are pointed out.
Introduction
To deliver a high level of power quality to customers, Distribution System Operators (DSO) must meet a number of criteria [1] . Among these, harmonic levels are an important issue. Indeed, for many years, the part of nonlinear equipment connected to distribution networks has increased due to the continuous addition of converters. To avoid unacceptable harmonic levels on distribution networks, it is necessary to apply harmonic emission limits, not only to individual pieces of equipment, but also to large installations.
However, today there is no international consensus on the way to assess the contribution of an installation to the global harmonic levels on distribution networks, in order to compare this contribution to harmonic emission limits.
For years, different methods have been suggested in order to solve this problem. The first proposed method is to assess the harmonic currents injected by the equivalent Norton model of the installation into the public network [2] - [3] . Other authors suggest using harmonic active powers as the harmonic emissions of the installation [4] - [5] . In publication IEC 61000-3-6 [6] , a new definition is given, based on the impact of the installation on harmonic voltages at its point of common coupling (PCC). As these definitions can sometimes give very different results, a methodology is required to compare their behavior in real situations, including phenomena such as resonances. In order to compare the different definitions for the harmonic emission levels of an installation, we have used a set of some simplified MV networks. These simplified networks aim at showing harmonic phenomena such as the compensation between multiple harmonic sources, or the resonance between network impedances and compensation capacitors. They also allow knowing if a definition only detects disturbing installations and how the line impedance between the busbar and the installation affects its harmonic contribution.
In the present paper, we will consider the first proposed definition based on a Norton representation of the installation [2] - [3] and the new definition given in technical report IEC 61000-3-6 [6] . In section 2, their respective theoretical expressions will be presented. In section 3, a simplified MV network will be presented. In sections 4 to 6, a comparative analysis of both definitions will be carried out in several configurations of this simplified MV network, in order to point out the advantages and drawbacks of both definitions. In section 7, conclusions and perspectives of this study will be given.
Theoretical background on studied definitions
In order to assess the installation harmonic emissions, the first proposed definition was based on a Norton representation of the network and installation at the PCC (Fig. 1) . Figure 1 . Norton representation of the network and installation at the PCC ,ℎ and ,ℎ are respectively the equivalent harmonic current sources of the installation and the network. ,ℎ and ,ℎ are respectively the equivalent harmonic impedances of the installation and the network.
,ℎ and ,ℎ are the harmonic voltage and current measured at the PCC of the installation. Subscript ℎ is the harmonic order.
According to the initial definition, the harmonic voltage emission level of the installation is defined by (1) .
It can be noted that this definition does not consider the harmonic current generated by the network ( , ). Hence, this definition does not take into account the possible compensation with other injected currents. Physically, this emission level is defined as the maximum increase in the harmonic voltage level that can be produced by the nonlinear loads in the installation at its PCC (i.e. the increase if , and , are in phase). This definition has two main drawbacks:  the linear loads are not disturbing, thus it does not take into account the possible resonances created by capacitive loads.  The existing method to identify the Norton model is able to compute only one side (network or installation) at a given time [7] .
In 2008, a new definition was proposed in [6] in order to assess the harmonic emission levels of an installation. This new definition was aimed at considering the effects of linear loads on harmonic voltage levels, particularly in the case of resonances between network impedances and compensation capacitor banks. The technical report [6] assesses the harmonic emission level as the modulus of the harmonic voltage variation at the PCC when the installation is connecting to the network. This harmonic emission level (∆ , ) is represented in Fig. 2 . However, according to IEC 61000-3-6, the harmonic emission level is required to be less than the emission limit only when the connection of the installation to the public network leads to an increase in the harmonic voltage level at the PCC. Thus friendly loads, leading to a decrease in harmonic levels, are not considered as disturbing sources. In practice, the harmonic emission is calculated using (2) .
The harmonic current at the PCC , can be directly measured, but the harmonic network impedance , needs to be known or estimated, which can be difficult without an intrusive method requiring a harmonic current injection or power supply interruption with respect to the installation. In [7] several methods are presented to assess the harmonic network impedance.
Presentation of the simplified MV network
All configurations used in this paper are based on the topology represented in Fig. 3 . It is a small simplified MV network supplying two large installations modeled by two Norton sources. The network characteristics that are used in all the configurations studied in sections 4 to 6 are given in Table 1 . The lengths of the MV lines and the characteristics of both installations will be given for each case in the corresponding section. Table 1 . Network characteristics. Even if the topology in Fig. 3 is simple, the configurations used in each case are designed to emphasize the advantages and drawbacks of the studied definitions, by analyzing how they deal with the following situations:  In case of resonance, how responsibilities are shared between the installation equipped with non-linear devices, and the installation equipped with compensation capacitor banks, creating resonance.  In case of multiple harmonic current sources, how the definitions share the harmonic emission, considering a possible compensation between harmonic sources.  In case of the presence of passive loads such as resistors in the installations, how the harmonic currents at the PCCs are shared into disturbing and not disturbing components.
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Configuration A: resonance.
The characteristics of the installations and the MV lines are reported in Table 2 . In this case, the installation 1 generates harmonic voltages due to injection of harmonic currents into the network. The installation 2, when connecting to the network, creates parallel resonance between its compensation capacitor and the network impedance. The resulting harmonic network impedance, viewed from the PCC of installation 1, is represented in Fig. 4 . As shown in Fig. 4 , the installation 2 amplifies the network impedance around 350 Hz. Its value is initially 23 Ω without the installation 2. It increases to 46 Ω when the installation 2 is connected to the network. Consequently, the magnitude of harmonic voltages increases. It can be concluded that both installations have a negative impact on the power quality in this case.
With the initial proposed definition, the installations 1 and 2 have harmonic voltage emissions defined in (3) and (4) . Their values are given for harmonic order 7.
where ,ℎ,1 is the harmonic network impedance viewed from the PCC of the installation 1.
The harmonic emission of the installation 1 represents exactly the magnitude of the harmonic voltage at its PCC. However, a part of this voltage is due to the presence of the installation 2, which has increased the harmonic network impedance. The harmonic emission of the installation 2 is zero, because the initial definition considers that only nonlinear loads (i.e. harmonic current sources) disturb the network. However, even if the installation 2 has only linear loads, its capacitor bank has a real negative impact on power quality. So, this installation should have a positive harmonic emission. With this definition, the entire harmonic responsibility is allocated to the installation 1. This problematic result was the main reason for proposing the new definition of harmonic emission in [6] .
With the new definition, the installations 1 and 2 have harmonic voltage emissions given in (5) and (6).
where ,ℎ,1 and ,ℎ,2 are respectively the harmonic network impedance at order h, viewed from the PCC of the installations 1 and 2. This new definition takes into account the impact of the installation 2, because the entire harmonic current at its PCC is considered as a disturbance source (under hypothesis that the installation would increase the magnitude of harmonic voltage when it is connected to the network). However, the harmonic emission of the installation 1 does not change with this new definition: it is still penalized by the presence of the installation 2.
It can be concluded that the new definition in [6] better takes into account the possible negative effects of linear loads for installations which create the resonance, but not for installations which inject harmonic currents.
Configuration B: multiple harmonic current sources.
The characteristics of the installations and the MV lines are reported in Table 3 . In Fig. 5 , is the phase angle between the two injected harmonic currents. With the initial proposed definition, the installations 1 and 2 have harmonic voltage emissions defined in (7) and (8).
where ,ℎ is the harmonic network impedance at order h, viewed from PCC of installations 1 and 2. Hence, in this case, the harmonic voltage emission is proportional to the magnitude of injected harmonic current. The network impedances do not depend of installations because they have no harmonic impedance.
With the new definition; in case that both installations increase the magnitude of harmonic voltage when they have been connecting to the network; they have harmonic voltage emissions defined in (9) and (10).
Thus, the two definitions give the same result if the two installations increase the harmonic voltage magnitude. Referring to Fig. 1 , this magnitude variation is calculated by (11).
This evaluation method can be problematic, because it is possible to have all installations with only negative variation of harmonic voltage magnitude. For example, in the case B, if the following case is considered:
It is clear that the total harmonic current | ,ℎ | will be inferior to the individual injected harmonic currents | 1,ℎ | and | 2,ℎ |. Hence, the harmonic voltage variation will be negative for both installations, and the new definition will allocate them no harmonic contributions. However, (12) does not imply a zero harmonic voltage. It can be concluded that the method to determine if an installation is considered as a friendly load, proposed in the new definition, is not theoretically justified, and should be revised.
Configuration C: multiple Norton sources.
The characteristics of the installations and the MV lines are reported in Table 4 . In this case, both installations have harmonic impedance. This means that the harmonic current at the PCC is not necessarily due to the harmonic source in the installation. This means they are not fully responsible for the harmonic currents flowing at their PCCs. Indeed, this current has two components: one generated by the network, and one generated by the installation. Hence, the presence of harmonic currents at the PCC of an installation does not necessarily mean that this installation has a harmonic impact on the network.
In terms of Norton model (Fig. 1 ), the harmonic current at the PCC is defined as (13). 
This current has two components. The first one corresponds to the initial definition: it is the harmonic current injected by nonlinear loads in the installation to the network. The second one results of the interaction between the harmonic voltage at the PCC and the linear loads in the installation. If these linear loads are resistive, the harmonic current exists but it is not disturbing. If these linear loads are capacitive, they can create resonance and amplify the harmonic voltage. In this last
case, the harmonic current should be considered as a disturbance.
Hence, as the initial definition does not take into account the negative impact of some linear loads in installations, the new definition could consider some linear loads like resistances as disturbing sources, which can give paradoxical results. After identification using tables 1 and 4, the following Norton representation of the network and installation 1, viewed from PCC1, is obtained (Fig. 6) . Figure 6 . Norton representation of case C from PCC1.Z u,h impedance value is calculated at 250 Hz
In practice, the equivalent harmonic current sources and harmonic impedance of network and installation are supposed to be known or estimated. Their values are given in the chart in Fig. 6 . They are obtained for the fifth harmonic order. First, it is important to emphasize that the equivalent resistive load in the installation 1 decreases the harmonic voltage level. Indeed, both harmonic current sources inject a total current into the equivalent impedance resulting of ,ℎ and ,ℎ in parallel. As ,ℎ is inductive, and ,ℎ is resistive, it is clear that ,ℎ will decrease the modulus of the equivalent impedance, and consequently the magnitude of harmonic voltage at the PCC. So, in this case, the resistive load in installation 1 has a positive effect to the power quality. Now, the installation 1 harmonic emission level will be considered when it is connected to the grid in the two following cases: (i) when its resistive load is connected, (ii) and when its resistive load is not considered (disconnected), what means that the installation is a pure nonlinear load. For this analysis, installation 2 have been previously connected. In both cases (i) and (ii), the installation increases the harmonic voltage magnitude when it is connecting to the network. This increase is lower when the resistance is connected, but remains positive. So, according to the new definition, the installation 1 harmonic emission will be positive, and calculated using (3) with network impedance unchanged between the two cases. The values of installation 1 emission levels for (i) and (ii) are respectively given in (14) and (15).
With the initial definition, the harmonic contribution of installation 1 in both cases is given in (16) and (17).
It can be noticed that with the new definition, the installation harmonic emission is higher in case (i), when the resistive load is connected. This result is surprising because it was shown above that the resistive load has a positive effect on power quality. This problem occurs because the connection of the resistance has added a new component to the harmonic current at the PCC, which has increased its magnitude. Although this second component is not disturbing, it has increased the installation harmonic emission by increasing the harmonic current at its PCC.
The problem can also be illustrated by analyzing harmonic voltage phasors in Fig. 7 . Although the modulus of ∆ 1,ℎ is higher in case (i) when the resistance is connected, it results a lower harmonic voltage than in case (ii). This shows the positive effect of the resistive load to the power quality. However, the new definition uses the modulus of ∆ 1,ℎ as the installation harmonic emission, giving a higher contribution in case (i). Theoretically, this problem happens when the conditions (18) and (19) are true.
,ℎ > ,ℎ
where ,ℎ is the reactive component of the network impedance, and ,ℎ the resistive load in the installation. In this case, the presence of the resistive load results in an increase of the installation harmonic emission calculated from the definition. This result could be a bit confusing when the DSO tries to assess the impact of an installation, because the harmonic emission given by the new definition is not necessarily representative of the real impact of the installation.
To avoid this problem, the definition of an installation harmonic emission should be revised, with a new method to identify the real disturbing part of the harmonic current at the PCC.
Conclusions & Perspectives
This paper deals with the relevance of two definitions for assessing the harmonic emission of an installation. Their efficiencies are discussed through several configurations of a simplified MV network. These cases are designed in order to allow highlighting the advantages and drawbacks of both definitions with respect to some specific configurations of loads. In the first case, it is shown that the Norton based method [2] - [3] , which is the first proposed definition for assessing the installation harmonic emission, is not able to take into account the possible negative effect of compensation capacitor banks on the power quality. The standard [6] partially solves this problem by taking into account the impact of even a linear load. In the two other cases, the following drawbacks of this new definition are pointed out:
 When there are several harmonic sources connected to the network, the criterion for determining if an installation is considered as a friendly load is not always effective.  The presence of friendly loads such as resistors in an installation can be seen as an increase of its harmonic contribution whereas the harmonic voltage levels have been decreased. As these drawbacks can be problematic when we try to assess the contribution of an installation to the global harmonic levels on distribution networks, a proposition of a new definition is needed, in order to assess the real impact of an installation. Harmonic propagation in an electric power network is a very complex issue due to the coupling between loads (linear and nonlinear ones). Moreover, the harmonic contribution of a load can be reduced or reinforced by the connection of other loads. Then in our goal to propose a criteria (or definition) to estimate the harmonic contribution, it seems not realistic to find THE definition, but more realistic to find the less bad definition. Up to now, analysis of harmonic contribution definitions is often based on quite simple grid topology. But it is not enough to test their robustness. On-site data are required, and simulations have to be done with test-grids such as the CIGRE network. A statistical or probabilistic approach will probably have to be chosen to analyze the definitions performance.
